Paediatric patients comprise a reasonable minority of paramedic workload, but cases involving children often evoke anxiety and discomfort. Subsequent feelings of low confidence and self-efficacy have been linked with a reluctance to initiate treatment and possibly, poorer care. It is unknown to what extent these apprehension-producing perceptions are held by paramedics and what educational strategies can improve them. This study aims to fill this gap by reporting on a scoping review that examined and mapped the effectiveness of educational interventions on improving paramedic perceptions of caring for paediatric patients.
Introduction
Paramedics are often the first responders to cases of paediatric trauma or acute illness. It is therefore vital that they have the appropriate knowledge, skills and confidence to render effective assistance. Paediatric patients make up 4.5-13% of total ambulance calls (1) (2) (3) (4) (5) ; with trauma being a major cause of child mortality (6) (7) (8) . Observational and anecdotal evidence suggests that the pre-hospital management of paediatric patients is inherently stressful, causing anxiety and discomfort for many paramedics (9) (10) (11) (12) . Although only a small proportion of paediatric cases require emergency intervention due to a life-threatening condition (4) , children still present unique challenges to emergency care professionals as they are anatomically, physiologically and developmentally different to adults (13) .
As a minority of pre-hospital clinical work involves a paediatric emergency it can be challenging to maintain confidence with limited opportunities for clinical practice. In Australia, it has been estimated that a paramedic will attend a paediatric cardiac arrest only once every 12.5 years (14) and as such, paediatric pre-hospital emergency management is often viewed as a 'low frequency, high risk event' by paramedics (15) . Despite this, there is a general view that adequate paediatric education is lacking, both in initial education as well as in ongoing professional development (16) (17) (18) . A recent paper highlights that minimum paediatric education standards for pre-hospital providers have been proposed for initial and ongoing certification in the United States of America (USA), however, it is not mandatory to adopt them and as such standards are highly variable (19) . In Australia, the majority of paramedic education is undertaken within various university settings, however several vocational courses remain an option for those wishing to work as a paramedic (20) . It is therefore reasonable to assume that there may be considerable variation in paediatric knowledge and skill within the workforce.
The identified lack of paediatric training and experience along with the anxiety and discomfort of caring for this patient group may be linked with pre-hospital treatment errors (11) . This can involve errors of commission such as administering an incorrect drug dose, or more commonly errors of omission such as reluctance to initiate required treatment in a timely manner (11) . Some paramedics may prefer to quickly transport the patient to a well-resourced emergency department ('scoop and run') in preference to stabilising the child at the scene (12) . It is possible that such situations contribute adversely to patient safety (12, 21) and are at odds with the developing professional identity of paramedics as advanced clinical decision-makers (21) (22) (23) .
It is largely unknown what educational interventions have a positive effect on paramedic confidence and self-efficacy when providing care for paediatric patients. A preliminary search revealed no existing reviews relating to this concept. Scoping reviews allow mapping of the key concepts and the evidence supporting a research domain of interest (24) (25) (26) . Compared to systematic reviews with strict criteria for study inclusion, scoping reviews incorporate a wider range of research materials that are both peer-reviewed and nonpeer-reviewed in order to provide a broader understanding of the topic (24, 25) . Considered alongside the breadth of the concept of interest, exploration of literature surrounding this topic therefore lends itself to a scoping review. The objective of this study was to fill the aforementioned identified gap in the literature by performing a scoping review to examine and map the effectiveness of educational interventions on improving paramedic perceptions of providing care for paediatric patients.
Methods
Arksey and O'Malley's (25) six-stage scoping methodology was used as the framework for this scoping review, alongside consideration of enhancements suggested by Levac, Colquhoun and O'Brien (27) and the Joanna Briggs Institute methodology for scoping reviews (28 Each of these stages is outlined below.
Identifying the research question
The research question guiding this scoping review was 'What educational interventions improve paramedic confidence when dealing with paediatric patients?'
Identify relevant studies Preliminary searches of online databases CINAHL and EMBASE were performed to enable familiarisation with keywords and to aid in the development of the final search strategy. Following advice from a subject research-librarian, search terms were clustered under four search strategy components that were later combined to produce the full strategy:
The full search strategy was ratified by a subject research librarian and is included in Appendix 1. This strategy was used to search five online databases in October 2015: CINAHL, AMED, EMBASE, MEDLINE and PsychINFO. Google Scholar, the grey literature site greylit.org and seven relevant professional networks were also searched using a modified search strategy based on the aforementioned search components. There were no restrictions on dates of publication. The bibliographies of articles that were included following the title and abstract screen were also reviewed, producing no new articles.
Study selection
Articles retrieved from stage two were screened against a documented inclusion and exclusion criteria determined in advance (Appendix 2). Following the Joanna Briggs Institute methodology (28), the inclusion criteria were divided into three components: population, concept and context. Figure 1 summarises the study selection process.
Charting the data
The following information was extracted from all included articles and recorded in a table: author(s), date of publication, study location, study purpose, study methodology and relevant results. Table 1 
Results

Collating, summarising and reporting the results
The 17 included articles were comprised of six conference abstracts, one letter to the editor and 10 journal articles. The study location of one article could not be determined; the remainder were from the USA. Years of publication ranged from 1994 to 2015. There was notable repetition of authors, with one lead author contributing three included articles and another two authors contributing two each. An iterative process of thematic analysis produced three broad themes under which included articles could be categorised: 1. Identifying educational needs and preferences (n=5) 2. Novel education programs (n=8) 3. Evaluating education delivery methods (n=6).
One author performed the initial theme development and article categorisation, which was subsequently validated by a second author.
Consultation (optional)
Arksey and O'Malley's (25) scoping methodology features an optional sixth stage of consulting relevant parties external to the authors, such as experts in the area of interest or pertinent community organisations. Given the time constraints, no expert in paramedic education in paediatric care could be located, nor could any relevant community organisation. This stage was therefore omitted.
Discussion
As the subject of 4.5-13.0% of total call-outs, paediatric patients represent a reasonable minority of paramedics' workload (1) (2) (3) (4) (5) . Previous research suggests that cases involving children can evoke anxiety and discomfort, and that resultant feelings of low confidence and self-efficacy can cause a reluctance to initiate timely appropriate treatment, possibly contributing to patient morbidity and mortality (21, 30, 31) . However, it is unknown to what extent these apprehensionproducing perceptions are held by paramedics and what educational strategies can improve them. The objective of this study was to fill this gap by performing a scoping review to examine and map the effectiveness of educational interventions on improving paramedic perceptions of caring for paediatric patients. To achieve this, included articles were categorised into three themes: identifying educational needs and preferences, because to examine effectiveness, criterion of success must first be established; novel education programs, in order to evaluate published educational interventions; and evaluating education delivery methods, to assess whether teaching methodology can influence the ability of educational interventions to improve paramedic confidence with paediatric patients.
Identifying educational needs and preferences
Both subjective focus group studies and objective surveybased studies found that paramedics are less comfortable with paediatric patients than adults (18, 32, 33) . In Fleischman et al's (32) survey of 219 pre-hospital care providers, 72% of respondents reported feeling less than 'comfortable' across 17 topics in paediatric care. Multiple studies echoed these findings, reporting that younger patient age is associated with greater discomfort (18, 32, 34) . Paramedics appear more comfortable with specific procedural skills, for example airway management, than broader tasks such as assessing a child with a long-term illness (18, 32) .
All articles demonstrated that pre-hospital care providers desire more education in paediatric care (18, (32) (33) (34) (35) . The duration and amount of training preferred however, is less clear ranging from 1 to 16 hours in duration (32, 34) . Simulation appears to be the preferred type of education, as it can replicate both the clinical and emotional aspects of caring for paediatric patients (18, 32, 33) . Two articles identified exposure to children as a beneficial form of education, whether through parenthood or placements in local schools, paediatrician clinics or paediatric hospitals (18, 35) . Perspectives of online training also varied between studies. While Breon et al's (18) subjective information suggested online training was preferred, only 2% of respondents to Fleischman et al's (32) survey preferred internet-based training.
All articles examined barriers to paediatric education, the most common being cost, time and quality of training (18, (32) (33) (34) (35) .
Costs associated with both the education itself and travel to education sites were significant barriers for many, the latter of which could be overcome with online education (18, 32, 34) . Despite Roach and Medina (35) recommending in 1994 that the paediatric advanced life support course be specifically adapted for a pre-hospital provider audience, it appears this has not occurred, with many in Breon et al's (18) 2011 study stating that pre-established courses such as PALS were not relevant to pre-hospital care.
Novel education programs
Articles categorised under this theme evaluated how effectively education programs, many of which were original and new, improved paramedic perceptions of providing care for paediatric patients. In their conference abstract, Calhoun et al (36) describe a novel simulation-based mobile outreach. Although the results of 54 participants (comprising only 15 EMTs) are presented in aggregate, comfort levels significantly increased in all domains (p<0.001), suggesting this mobile simulation program could be an effective way of educating rural paramedics (36). Smith et al (37) developed a multifaceted program focussed on rural practitioners spanning initial and ongoing training, equipment acquisition and clinical guideline development. Interestingly, despite its extensive nature, this program did not have a more noticeable positive effect on paramedic confidence when compared with other included articles. For example, although not described in as much detail, following Jaeger et al's (38) simpler paediatric pain protocol, paramedic self-efficacy at paediatric pain assessment and management significantly improved for all patient age groups (all p<0.05). This could be reflective of Smith's more rigorous methodology and broader scope of evaluation, or it could suggest that wide-reaching complexity does not necessarily result in proportionally greater improvements to paramedic confidence (37) .
Two included articles published in the same year with almost identical authors both describe a novel program designed to increase paramedic comfort when working with children with special health care needs (23, 39) . It is likely that these articles are both evaluating the same education program, and hence they are discussed together. In both studies, following a comprehensive process of literature review and stakeholder consultation, Spaite et al (23, 39 ) developed a self-study program featuring videos, a self-study manual, quizzes, case scenarios and a 2-hour practical session involving feedback from experts. This program had remarkably positive results; the aggregate comfort score regarding specialised management skills improved from 2.83 to 4.20 (p<0.01) on a 5-point Likert scale, while confidence with standard paediatric advanced life support skills also significantly improved (4.12 to 4.35, p<0.01), suggesting specialised education programs may have flow-on effects to other areas of paediatric care (39) . The success of this program demonstrates the importance of thorough consultation during curriculum development. While the self-study format appears effective, participants perceived the practical skills evaluation as the most useful component (rated 4 or 5 out of 5 for usefulness by 81.4% of respondents), highlighting the continued importance of some face-to-face teaching (39) .
Pre-established programs such as the PALS and advanced paediatric life support (APLS) courses have been shown to increase confidence with paediatric care in other health care professions, although the efficacy within paramedic practice remains unclear (40, 41) . In their letter to the editor, Roach and Medina (35) found that paramedics who had completed a PALS course had higher perceived comfort (3.6 vs. 3.2 on a 5-point Likert scale, p=0.0001) and skill (3.97 vs. 3.48, p=0.0001) with paediatric care than those who had not. However, PALS has undergone numerous curriculum adjustments since this article's publication in 1994, limiting applicability to a modern context. More recently and although not the primary objective, Gerard et al (42) found that the PALS course increased aggregate mean self-confidence among 42 health care practitioners (comprising 15 paramedics) from 3.57 to 4.24 on a 5-point Likert scale, although no statistical significance data were provided. Werner and Bruzzini (43) similarly found that the less-renowned Society for Critical Care Medicine Paediatric Fundamental Critical Care Support course improved feelings of preparedness for paediatric care among the non-physician group, indicating prefabricated programs may be effective in a paramedic context, although more research is needed.
Evaluating education delivery methods
Articles categorised under this theme primarily evaluated the way in which education programs were delivered, often comparing different program modalities.
Online training has many theoretical benefits; reduced instructor related costs, ensuring material is taught in a consistent manner, reduced travel and onsite time and enabling students to review material at a convenient time at their own pace (42, 44 (44) . Although paramedics comprised a significant proportion of the study populations in both of these articles, data were presented in aggregate from a diverse population of health care professions, which may limit applicability to exclusively the paramedic context (42, 44) .
In the only included article evaluating simulation, Van Dillen et al's (45) conference abstract found that paediatric airway simulation significantly improved mean comfort scores with paediatric needle cricothyrotomy (3.17-4.06, p<0.0001). This absence of literature assessing simulation is curious given its aforementioned popularity as a teaching methodology (18, 32) . Jaeger et al (46) showed that traditional teaching remains effective, demonstrating significant improvements in paediatric pain management self-efficacy among paramedics following a 1-hour lecture. Despite this, the most effective education methodology remains to be definitively established.
Implications for research
Throughout all included studies there was no standardised validated tool to measure paramedic perceptions or confidence when dealing with paediatric patients. Development of such a tool may enable better comparison between future studies, as well as simplifying implementation of research protocols. The absence of any included studies from outside the USA suggests a need to conduct research elsewhere. There was a curious lack of studies evaluating simulation, especially considering its popularity, and future research could further explore simulation as an educational methodology.
Despite being regarded as somewhat of a mainstay of paediatric pre-hospital education, evidence surrounding preestablished programs such as PALS and APLS is divided and often out dated given these programs rapidly evolving curricula.
Comprehensive evaluation of such programs within a modern context and exclusively pre-hospital population could assist in determining efficacy and what, if any, modifications need to be made to ensure applicability to paramedic practice. The most effective educational program or teaching methodology remains unclear, and further research is required to clarify this. Of particular interest could be research that follows an education intervention throughout its lifespan; beginning with an assessment of educational needs and subsequent development of a customised program followed by consistent evaluation throughout its implementation. All included articles featured educational interventions targeting paramedics who had completed their initial training, and hence the influence of paediatric education within the pre-qualification curriculum remains unexplored.
Limitations
All but one of the included articles was from the USA, with the location of the final article unable to be determined. This limited range of available evidence may reduce the ability to generalise findings to other areas. The year of publication of included articles ranged from 1994 to 2015, with over half published before 2011. This may limit the applicability of some articles to contemporary paramedic practice. The repetition of authors within included studies may have limited the breadth of information available, but this is reflective of the limited research within this area. The methodology of this study excluded articles not in English and did not include hand searching of journals, and hence some relevant results may have been omitted. The focus of scoping reviews is on mapping of key concepts and the evidence supporting a research domain of interest, and hence no appraisal of the research methodology of included articles was performed (25, 26) .
Conclusion
Paramedics desire more paediatric training, particularly simulation and exposure to children. However, while various paediatric education programs have been developed there is insufficient evidence to demonstrate superior effectiveness of any particular program. More research evaluating the benefits of simulation as an educational methodology to improve paramedic perceptions when dealing with paediatric patients is required. The efficacy and applicability of pre-established programs such as APLS and PALS remains unclear, and further research is required to evaluate such programs within a modern pre-hospital context. While the most effective education delivery method is unclear, is seems web-based learning can be as effective as traditional teaching. Further research is needed to identify and develop the most effective educational interventions to improve paramedic confidence with paediatric patients.
